Objective. To determine the effect of disclosure of rheumatoid arthritis (RA) risk personalized with genetics, biomarkers, and lifestyle factors on health behavior intentions. Methods. We performed a randomized controlled trial among first-degree relatives without RA. Subjects assigned to the Personalized Risk Estimator for Rheumatoid Arthritis (PRE-RA) group received the web-based PRE-RA tool for RA risk factor education and disclosure of personalized RA risk estimates, including genotype/autoantibody results and behaviors (n = 158). Subjects assigned to the comparison arm received standard RA education (n = 80). The primary outcome was readiness for change based on the trans-theoretical model, using validated contemplation ladder scales. Increased motivation to improve RA risk-related behaviors (smoking, diet, exercise, or dental hygiene) was defined as an increase in any ladder score compared to baseline, assessed immediately, 6 weeks, and 6 months post-intervention. Subjects reported behavior change at each visit. We performed intent-to-treat analyses using generalized estimating equations for the binary outcome. Results. Subjects randomized to PRE-RA were more likely to increase ladder scores over post-intervention assessments (relative risk 1.23, 95% confidence interval [95% CI] 1.01, 1.51) than those randomized to nonpersonalized education. At 6 months, 63.9% of PRE-RA subjects and 50.0% of comparison subjects increased motivation to improve behaviors (age-adjusted difference 15.8%; 95% CI 2.8%, 28.8%). Compared to nonpersonalized education, more PRE-RA subjects increased fish intake (45.0% versus 22.1%; P = 0.005), brushed more frequently (40.7% versus 22.9%; P = 0.01), flossed more frequently (55.7% versus 34.8%; P = 0.004), and quit smoking (62.5% versus 0.0% among 11 smokers; P = 0.18). Conclusion. Disclosure of RA risk personalized with genotype/biomarker results and behaviors increased motivation to improve RA risk-related behaviors. Personalized medicine approaches may motivate health behavior improvements for those at risk for RA and provide rationale for larger studies evaluating effects of behavior changes on clinical outcomes, such as RA-related autoantibody production or RA development.
INTRODUCTION
The identification of genetics, biomarkers, and behavioral risk factors associated with chronic diseases in epidemiologic studies has helped to elucidate pathogenesis and enhance prevention strategies. Personalized medicine approaches incorporating these factors have been advocated to target chronic disease prevention efforts to those at highest risk (1) . Health behavior improvements, such as smoking cessation, can prevent or reduce the risk of developing many serious chronic diseases, such as cancer and diabetes mellitus, as well as cardiovascular, respiratory, and autoimmune diseases (2) . A meta-analysis of 18 clinical trials evaluating risk disclosure for chronic diseases personalized with genetic information reported minimal effect for improving health behaviors or increasing motivation to change behavior (3) . Since many genes are not deterministic, but rather susceptibility genes that increase the probability of chronic disease, risk disclosure incorporating behavioral or biomarker risk factors may be needed to further motivate behavior improvements.
Similar to other complex chronic diseases, the etiology of rheumatoid arthritis (RA) is not yet fully understood, but many risk factors have been identified. HLA-DRB1 positivity is the strongest genetic risk factor, increasing risk by about 3-fold (4, 5) . Behavioral factors, such as smoking, obesity, low fish intake, and poor dental health, are associated with increased RA risk (6) (7) (8) (9) . Smoking is the strongest behavioral RA risk factor, and prolonged cessation >20 years decreases RA risk to that of never smokers, suggesting that smoking cessation may lower RA risk (6, 10, 11) . Increased fish intake is associated with decreased RA risk, perhaps due to the antiinflammatory effects of omega-3 fatty acids (8, 12, 13) . Being overweight or obese is associated with increased RA risk (7, 14) . Poor dental hygiene is a risk factor for periodontitis, which is associated with increased RA risk and perhaps related to the effects of bacterial peptidylarginine deiminase enzymes from Porphyromonas gingivalis on citrullination and autoimmunity (9, 15, 16) . None of these factors have been studied for risk reduction with behavior change, except for smoking cessation (10, 11) . Having a first-degree relative (FDR) with RA increases personal RA risk by 4-fold, likely due to shared genetic and behavioral risk factors (17, 18) . The presence of RA-related serum autoantibodies (rheumatoid factor [RF] and cyclic citrullinated peptide [CCP] ) markedly increases the risk for subsequent RA development (19) . Risk models incorporating these factors can accurately identify those at very elevated RA risk, particularly when performed among FDRs (20) . The populationattributable risk for RA of known behavioral factors is about 40%, suggesting that improving these health behaviors may reduce risk of developing RA (17) . Intention to change behavior is the first step toward persistent behavior change, which may subsequently lead to demonstrable effects on health outcomes such as autoantibody development or RA risk.
We conducted the Personalized Risk Estimator for Rheumatoid Arthritis (PRE-RA) Family Study as a proof-of-concept trial to investigate whether RA risk disclosure to unaffected FDRs personalized with genetics, biomarkers, and behaviors would increase motivation to change behaviors related to RA development. We hypothesized that those who received personalized RA risk disclosure would be more motivated to change RA risk-related behaviors compared to those not receiving this information.
SUBJECTS AND METHODS
Study population. We recruited unaffected adult FDRs of patients with RA at a single academic rheumatology center (Brigham and Women's Hospital, Boston, Massachusetts) from 2013-2016. Patients with RA received study information and we asked them to reach out to their relatives to identify potential subjects (21) . We studied unaffected FDRs since they are familiar with RA and at increased risk for disease development. We excluded FDRs who were >70 years of age, had symptoms or a diagnosis of RA or another systemic rheumatic disease, and were non-English speakers (since the interventions were not developed in other languages). The Partners HealthCare Institutional Review Board
Significance & Innovations
• We previously developed a web-based, personalized rheumatoid arthritis (RA) risk education tool to disclose RA risk personalized to genetics, biomarkers, demographics, and RA risk-related behaviors.
• We performed a randomized controlled trial among 238 first-degree relatives without RA as a proof-ofconcept study to evaluate whether personalized RA risk disclosure motivated health behavior improvements compared to standard, nonpersonalized RA education.
• Relatives assigned to receive personalized RA risk assessment through the web-based tool were 23% more likely to increase motivation to improve RA risk-related behaviors over 6 months compared to those assigned to receive standard, nonpersonalized education about RA.
• These results suggest that personalized medicine approaches may motivate health behavior improvements in those at risk for RA and provide rationale for larger studies evaluating the effect of health behavior changes on clinical outcomes such as RA risk or autoantibody production.
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Sparks et al approved the study. The study was registered on Clinical Trials.gov (NCT02046005).
Screening. Potential participants were screened to verify that the affected relative was a parent, sibling, or offspring diagnosed with RA on medical record review according to accepted classification criteria (22) . Questionnaires screened for RA symptoms and systemic rheumatic disease (23) . A positive screen prompted evaluation by a study rheumatologist (JAS), who obtained history and performed musculoskeletal physical examination. Those with evidence of past/current inflammatory arthritis were ineligible. All subjects agreed to participate in the study after giving written informed consent.
PRE-RA web-based educational intervention. We developed the PRE-RA tool as a web-based educational intervention, adapted from Your Disease Risk and previously described in detail (http://www.yourdiseaserisk.wustl.edu/) (21) . The PRE-RA tool collected data on age, sex, family history, and behavioral risk factors. It also disclosed genetic (HLA-DRB1) and autoantibody (RF/CCP) results. Furthermore, it combined risk factors and disclosed personalized risk, displayed as both relative risk (RR) and absolute lifetime RA risk estimates, to provide several formats for displaying numeric results (24) . The methods and primary literature for RRs and population prevalence of each RA risk factor that were components of the PRE-RA tool were reported in detail in a previous publication (21) . Finally, the PRE-RA tool provided personalized education about RA, including visual presentation of personal risk factors with tailored tips on how to modify personal behavioral factors, and how to recognize early RA symptoms.
Study design. We conducted a randomized controlled trial to test the effect of disclosing risk factors for RA, personalized with behavioral factors, HLA-DRB1 genotype, and autoantibody status, on motivation to change RA behavioral risk factors among FDRs. At baseline, surveys were administered and blood samples were obtained. RF and CCP tests were performed using clinical assays (RF by nephelometry, CCP by second-generation enzyme-linked immunosorbent assay). HLA-DRB1 genotyping was performed using sequenced-based typing and sequence-specific oligonucleotide probe hybridization (positive: presence of at least 1 classical RA shared epitope allele) (5) .
Subjects were randomized to 1 of 3 study arms in equal ratios ( Figure 1 ) using permuted block randomization from a random number generator using statistical software. The comparison arm received standard education about RA epidemiology, symptoms, and diagnosis during a one-on-one verbal presentation and handouts. The PRE-RA arm received the web-based PRE-RA risk disclosure and education tool alone. The PRE-RA Plus arm received the PRE-RA tool, as well as a one-on-one session with a health educator lasting about 45 minutes to facilitate interpretation and provide personalized education about potential RA risk-related behavioral changes using motivational interviewing techniques. Our primary hypothesis evaluated the group of subjects receiving personalized RA risk disclosure by PRE-RA (PRE-RA and PRE-RA Plus arms) compared to those not receiving personalized RA risk disclosure in the comparison arm.
Subjects completed questionnaires on sociodemographics, risk behavior, and health care utilization at baseline and immediately, 6 weeks, 6 months, and 12 months after the RA educational intervention. All subjects received a booster education session identical to the intervention at baseline after the completion of the 6-month followup visit. Subjects randomized to the comparison arm could receive their personalized RA risk results by the PRE-RA tool after the conclusion of their participation.
Outcome measures. We measured motivation to improve behaviors based on Prochaska's stages of readiness for change using validated contemplation ladder scales (range 0-10, higher score indicating more motivation to change) at the following time points: baseline and immediately, 6 weeks, 6 months, and 12 months post-intervention (25, 26) . Rungs on the ladder correspond to stages of motivation to change behavior according to the trans-theoretical model as a progression through precontemplation, contemplation, preparation, action, and maintenance (27) . The contemplation ladder outcome was originally validated in studies investigating behavior change in smokers and has been commonly used as an outcome in clinical trials measuring motivation to change many health behaviors (25, 26, (28) (29) (30) .
We measured the 4 RA-related behaviors using contemplation ladders for each behavior. Only current smokers answered the smoking ladder. Our prespecified primary composite outcome was defined as an increase in any of these 4 ladders by at least 1 point at the immediate, 6-week, and 6-month post-intervention time points compared to baseline. In secondary analyses, we analyzed the outcome for each individual contemplation ladder and included the 12-month post-intervention time point to evaluate the longterm effects of the intervention.
At each post-intervention visit, subjects reported changes in food intake, physical activity, tooth brushing, tooth flossing, and smoking compared to before the educational intervention. In secondary analyses, we analyzed these selfreported behavior changes.
Sample size calculation power. A previous trial evaluated motivation to improve passive smoking behaviors among pregnant women and those with young children, and found that 25.4% improved their stages of motivation to change behavior according to the trans-theoretical model after intensive education, compared to 12.8% of the comparison group that received standard education (difference of 12.6%) (31) . Therefore, a sample size of 148 in the PRE-RA group and 74 in the comparison arm provided >80% power to detect a difference, ranging from 8-14% depending on the proportion of the comparison arm that increased motivation to improve behaviors (21) .
Statistical analysis. We used t-tests, chi-square, or Fisher's exact tests to compare baseline variables between the 2 groups compared in the primary analysis (PRE-RA group and comparison arm). Our prespecified primary analysis was to compare RR for the primary composite outcome between the 2 groups at the 3 primary post-intervention time points (immediate, 6 weeks, and 6 months) in intent-to-treat analyses using generalized estimating equations (GEE) for the binary outcome. For those with missing data, we carried forward the last observation to preserve randomization. For example, a randomized subject who withdrew before receiving the intervention was assigned baseline ladder scores at all time points, and would be analyzed as having no increased motivation to improve behaviors. Since age was unbalanced between the randomization groups and associated with the primary composite outcome, the final multivariable model adjusted for continuous years of age. Other baseline characteristics were balanced across randomization groups. There was no interaction between time after intervention and randomization group for the primary composite outcome, so this was not included in the final model. We performed sensitivity analyses using generalized linear mixed models that assume missing data are missing at random, instead of GEEs, which assume missing data are missing completely at random. We additionally used the raw data by weighted GEE without carrying forward observations to evaluate whether the pattern of missing data affected our results.
We compared the difference in proportions of the outcome between the PRE-RA group and comparison arm at each post-intervention time point. We compared increases in the 4 individual contemplation ladders for each behavior Sparks et al by groups at each of the 3 primary post-intervention time points. In secondary analyses evaluating the long-term effect of the intervention, we additionally included the 12-month time point and analyzed these 4 post-intervention time points identically as already described.
In secondary analyses, we compared the PRE-RA Plus arm to the PRE-RA arm to evaluate the effect of the health educator on motivation to improve behaviors. We investigated the composite outcome as an increase in at least 1 ladder scale compared to baseline at each post-intervention time point. We further stratified the PRE-RA group into those who received high versus low lifetime RA risk results, defined as those who had scores greater than or less than the median (5%) lifetime risk on the PRE-RA tool. For this secondary analysis, we performed a modified intent-totreat analysis since subjects were required to receive the intervention to be categorized as high or low lifetime RA risk. For missing data in these analyses, we carried the last Secondary analyses compared all 3 study arms. BMI = body mass index; NA = not applicable. † Data on BMI were obtained on 61 subjects in the comparison arm, 76 in the PRE-RA arm, and 76 in the PRE-RA Plus arm. ‡ Data on dietary intake and dental health behaviors were only obtained in the PRE-RA and PRE-RA Plus arms as part of the PRE-RA tool. § Only current smokers were assessed by the smoking ladder (n = 15). Ladder scores ranged 0-10, with higher scores indicating increased motivation to improve that behavior.
observation forward as in our primary analysis. We compared self-reported behavior changes at post-intervention time points by the groups using chi-square tests. Two-sided P values less than 0.05 were considered statistically significant in all analyses.
RESULTS
Subjects. Of the 350 potential participants that contacted study staff, 238 FDRs met the inclusion criteria, agreed to participate, and were randomized (Figure 1) . Eighty subjects were randomized to the comparison arm, 78 to the PRE-RA arm, and 80 to the PRE-RA Plus arm. For the primary analysis, we combined the 2 PRE-RA arms into a single group (n = 158). Eight subjects were randomized but withdrew prior to receiving an RA educational intervention; they were included in intent-totreat analyses. Withdrawal and loss to followup rates were similarly low in all study arms, ranging from 8-12% at last followup. Table 1 shows baseline characteristics of subjects according to randomized groups. Most subjects were female (76.5%), white (87.0%), and had greater than high school education (87.8%). Mean age was lower in the comparison arm (43.4 years) than the PRE-RA group (46.7 years), but other factors were balanced across randomization groups. At baseline, most subjects had ladder scores >5, indicating that many were in the preparation stage or beyond for behavior change prior to intervention. Few subjects were in the pre-contemplative stage (rungs 0 or 1 on ladders) at baseline (0% for smoking, 2.9% for dental care, 9.7% for diet, and 0.8% for exercise).
Motivation to improve RA risk-related behaviors. Figure 2A shows the proportion of subjects in each randomization group who met the primary composite outcome of increased motivation to improve RA risk-related behaviors (≥1 point increase in any ladder score) at each post-intervention time point compared to baseline). In the primary analysis using GEE, those who received personalized RA risk disclosure with the PRE-RA tool were more likely to increase motivation to improve behaviors than those in the comparison arm over the 3 post-intervention time points (age-adjusted RR 1.23 [95% CI 1.01, 1.51]; P = 0.043). Results were similar in sensitivity analyses using alternative methods for missing data (P = 0.048 for the generalized linear mixed model, and P = 0.030 for weighted GEE not carrying forward missing data, both comparing the PRE-RA group to the reference of the comparison arm).
At 6 months post-intervention, 63.9% of subjects who received PRE-RA disclosure increased motivation to improve RA risk-related behaviors compared to 50.0% in the comparison arm (age-adjusted difference 15.8% [95% CI 2.8, 28.8]; P = 0.017). When examining individual components of the composite outcome, subjects in the PRE-RA group were more likely to have ≥1 point increase in the dental hygiene ladder than those in the comparison group (26.3% versus 14.1%; age-adjusted difference 12.6% [95% CI 2.6, 22.5%]; P = 0.014) ( Table 2 ). The proportion of subjects who had an increase in diet and exercise ladders was similar between the Figure 2 . Proportion of subjects with increased motivation to improve rheumatoid arthritis (RA) risk-related behaviors from baseline to post-intervention time points. A, Personalized Risk Estimator for Rheumatoid Arthritis (PRE-RA) group and comparison arm in intent-to-treat (ITT) analysis, B, PRE-RA arm, PRE-RA Plus arm, and comparison arm in ITT analysis, and C, Subjects disclosed to have high (≥5%) lifetime risk of RA on the PRE-RA tool, those disclosed to have low (<5%) lifetime risk of RA on the PRE-RA tool, and subjects in the comparison arm who received education in modified ITT analysis performed among those who received an RA educational intervention. Relative risks (RRs) for increased willingness to improve behaviors from baseline, 95% confidence intervals (95% CIs), and P values were all age-adjusted and attained using generalized estimating equations for repeated measures over time. 828 Sparks et al PRE-RA group and comparison arm, although the diet ladder improvement approached statistical significance favoring the PRE-RA group (P = 0.069). There was no difference in motivation to quit smoking between the PRE-RA group and comparison arm among the 15 subjects that were current smokers at baseline.
Secondary analyses. Figure 2B shows the proportion of subjects at each post-intervention time point that achieved the primary composite outcome according to the 3 study arms. Those who received the PRE-RA tool alone were more likely than those in the comparison arm to achieve the primary outcome at 6 months after the intervention (P = 0.022). There was no significant difference between those who received the PRE-RA tool alone compared to those who received the PRE-RA Plus health education, although the proportion who achieved the primary composite outcome tended to be higher for subjects that received PRE-RA alone (Table 3) .
We further stratified the PRE-RA group into those who received high versus low lifetime RA risk results, defined as those who had scores greater than or less than the median (5%) lifetime risk on the PRE-RA tool. Those with high lifetime RA risk were more likely to reach the primary composite outcome than the comparison arm (RR 1.35 [95% CI 1.10, 1.66]; P = 0.004) (Figure 2C ), while those with low lifetime RA risk had no difference compared to the comparison arm (RR 1.12 [95% CI 0.89, 1.41]; P = 0.32).
As a secondary analysis, we assessed the long-term effect of the intervention by including the 12-month, post-intervention time point and found similar effects as the primary analysis (RR 1.21 [95% CI 1.00, 1.47]; P = 0.05) for the primary composite outcome.
Self-reported behavior changes. At 6 months post-intervention, 40.7% of the PRE-RA group reported brushing teeth more frequently, compared to 22.9% of the comparison arm (P = 0.010) (Table 4) . Similarly, more subjects in the PRE-RA group reported flossing teeth more frequently (P = 0.004) and increasing fish intake (P = 0.005) than in the comparison arm. Although both the PRE-RA group (50.4%) and comparison arm (46.5%) reported high rates of increasing physical activity at 6 months post-intervention, these proportions were not significantly different (P = 0.59).
Subjects randomized to the PRE-RA Plus arm were more likely to report increased tooth brushing (P = 0.025), flossing (P = 0.010), and fish consumption (P = 0.009) at 6 months post-intervention than subjects randomized to the comparison arm. For food items without directed education in the PRE-RA group, there were few differences between the PRE-RA group and comparison arm. There were no statistically significant differences in behavior changes between the PRE-RA Plus and PRE-RA arms.
Among current smokers at baseline who had followup data at 6 months post-intervention, 63% (5 of 8) of those in the PRE-RA group reported quitting smoking, compared to 0% (0 of 3) in the comparison arm (P = 0.18). One subject in the PRE-RA arm who had both RF and CCP test positive at high titers reported developing RA about 1 year after randomization.
DISCUSSION
In this proof-of-concept trial, subjects who were randomly assigned to receive personalized RA risk disclosure and education using an online tool personalized with genetics, biomarkers, demographics, and behavioral factors were * RA = rheumatoid arthritis; PRE-RA = Personalized Risk Estimator for Rheumatoid Arthritis; 95% CI = 95% confidence interval. † Only current smokers at baseline were assessed by the smoking ladder (n = 15).
23% more likely to increase motivation to improve behaviors related to RA risk compared to those randomized to receive standard, nonpersonalized RA education. Beyond motivation to improve behaviors, subjects who received personalized RA risk disclosure were also more likely to report health behavior improvements than those not receiving personalized risk disclosure. These findings demonstrate that a personalized medicine approach can motivate those at increased chronic disease risk to make health behavior improvements. We further evaluated the effect of incorporating a health educator and found that the webbased PRE-RA tool performed similarly with and without a health educator at all post-intervention time points. Therefore, web-based personalized medicine approaches may be useful to motivate health behavior improvements to potentially lower RA or other chronic disease risk (3, 32) . Those at increased genetic risk for a chronic disease may be more likely to undergo screening for that condition (33, 34) . However, genetic risk disclosure alone has had limited impact on other health behavior changes (3, 35) . Our study is one of the few to evaluate the effect of factors beyond genetics by including the impact of biomarkers, demographics, and behavioral risk factors to motivate positive health behavior changes. While the entire group randomized to receive personalized risk disclosure and education was more likely to increase motivation than the comparison arm, we found that those who were at the highest lifetime RA risk had the most marked increase in motivation to change behaviors. Those at highest RA risk were motivated to improve behaviors despite receiving information on non-modifiable factors such as age, sex, genetics, and autoantibodies that also contributed to their personalized RA risk estimates. In a similar investigation, the REVEAL Study used genetic risk disclosure alone for Alzheimer's disease (AD); those with high-risk alleles for AD and with high lifetime AD risk were significantly more likely to report AD-specific health behavior changes than those without risk alleles (36) (37) (38) . In contrast, a recent meta-analysis concluded that disclosure of genetic factors for chronic diseases alone did not significantly motivate health behavior improvements (3). Our findings suggest that disclosing multiple personalized factors for disease risk may have a greater impact on motivating behavior improvements to those at high risk than genetic risk disclosure alone.
We evaluated self-reported changes of 4 RA risk-related behaviors as secondary outcomes. We found that dietary and dental hygiene changes were more likely to be reported in the PRE-RA group than the comparison arm, whereas changes in exercise were similar. There was a high rate of smoking cessation in the PRE-RA group, but we were unable to detect a statistical difference in cessation rates, likely due to a low number of current smokers. Behaviors such as increasing physical activity and smoking cessation are commonly recommended as healthy in many contexts, so specific interventions for a chronic disease such as RA may not offer additional motivation (39) . We found that education about less recognized RA risk factors of fish intake and dental health resulted in greater motivation to improve behaviors as well as self-reported behavior improvements. Personalized approaches for chronic disease risk reduction may therefore offer the most benefit for behaviors that are less familiar to the population at risk and more amenable to behavioral interventions. We were unable to measure behavior changes and * PRE-RA = Personalized Risk Estimator for Rheumatoid Arthritis; 95% CI = 95% confidence interval. † Only current smokers at baseline were assessed by the smoking ladder (n = 11, among those who were randomized to receive PRE-RA).
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Sparks et al had to rely on self-report. It is therefore possible that the differential education in each arm could explain differences in self-reported behaviors. Due to the nature of the interventions, we were unable to blind subjects to assignment of study intervention.
While the health behaviors we chose to include in our primary composite outcome are related to RA risk, it is unclear that improving many of these behaviors, other than smoking, reduces RA risk. While smoking cessation has been shown to decrease RA risk, it may take up to 20 years after sustained cessation until the risk of former smokers approaches that of never smokers (10, 11) . While obesity is associated with increased RA risk, studies have not investigated whether weight loss decreases RA risk or weight gain increases RA risk (7, 14) . There is currently no evidence that increasing physical activity, improving dental hygiene, or increasing fish intake reduces RA risk, despite other known health benefits of these behaviors. Education about other dietary behaviors that may be related to RA risk (such as alcohol, vitamin D, and sugarsweetened soda intake) were not included in the PRE-RA tool and may have motivated behavior changes differently (40) (41) (42) . Other RA risk-related biomarkers (such as other genetic factors, novel autoantibodies, and serum inflammatory markers) were not included in RA risk estimates of the PRE-RA tool, but could be incorporated in future versions (4, (43) (44) (45) (46) (47) (48) . We included factors in the PRE-RA tool with the strongest evidence for validity and were limited in the number of serologic factors we could measure prior to disclosing RA risk (21) .
Our findings may only be applicable to unaffected FDRs of patients with RA but not to other chronic rheumatic diseases. However, we adapted the PRE-RA tool from a web site developed to calculate personalized risk for many common chronic diseases, used accepted methods to display relative and absolute risks, and provided education about common behavioral risk factors, so a similar framework is likely to be relevant to other chronic diseases (49) . We recruited at a single site, and subjects were welleducated and mostly women, so our findings may not be generalizable to other populations. Since lower socioeconomic status is associated with increased prevalence of high-risk health behaviors such as smoking, implementing the PRE-RA tool in a different population might yield more pronounced effects on motivation to change health behaviors. While we performed a randomized controlled trial, we were unable to blind subjects to the educational interventions they received. It is possible that lack of blinding might have biased the study, since subjects knew which RA educational intervention they received. However, rates of loss to followup were similarly low in all 3 study arms. We analyzed our primary outcome using multiple strategies for missing data in followup and found that our results were similar regardless of the method for handling missing data.
Due to sample size limitations, we used a composite measure of motivation to change any of 4 behaviors as our primary outcome. However, our findings of improvements in diet and dental hygiene ladder scores and self-reported behaviors were consistent in secondary analyses so these subjects likely were more motivated to change these behaviors. While we found a statistical difference between randomization groups, a high proportion of subjects in the comparison arm achieved the primary outcome, perhaps due to the study sample being primed to increase motivation by participation, and the meaningful * Values are the percentage. There were no statistical differences in self-reported behavior improvements between the Personalized Risk Estimator for Rheumatoid Arthritis (PRE-RA) arm and PRE-RA Plus arm. † P < 0.01 compared to comparison arm. ‡ P < 0.05 compared to comparison arm. § Smoking behavior change was analyzed among 11 current smokers at baseline who had followup data 6 months after educational intervention. Five of 8 smokers in the PRE-RA group reported quitting smoking at 6 months after educational intervention compared to 0 of 3 smokers in the comparison arm (P = 0.18). ¶ P < 0.05 for high (≥5%) lifetime RA risk compared to low (<5%) lifetime RA risk on the PRE-RA tool.
change in the composite outcome of increasing motivation of any health behavior is unclear. However, over 60% of smokers in the PRE-RA group had quit smoking 6 months after the intervention compared to none in the comparison arm, so it is possible that our intervention might have marked effects on behavior changes that may affect RA risk. In secondary analyses with extension to 12 months of followup, we found similar increased motivation to improve behaviors, arguing that our intervention may have relatively long-lasting effects. Finally, the outcomes in our study were self-reported, so subjects may not have actually improved behaviors. In this proof-of-concept trial, we showed that personalized RA risk disclosure motivated health behavior improvements for lifestyle factors important in the development of RA, particularly dental hygiene and fish intake. Since behaviors may be the only potentially modifiable risk factors for RA, encouraging behavior change is the first step toward establishing rationale for larger behavior intervention trials powered to investigate the effect of behavior change on RA risk or surrogate biologic markers, such as RArelated autoantibody development (50) .
In conclusion, we demonstrated a personalized medicine approach that translated epidemiologic findings for genetics, biomarkers, and health behaviors into a personalized web-based intervention for those at elevated RA risk, which may improve health behaviors related to RA development.
